The purpose of this research is to evaluate the role of trade on productivity growth in the sample of 30 sectors in 25 EU countries in the period of rapid East-West integration. Changes in value added per hour worked in these countries appear to be due mainly to positive developments (rising productivity) within single industries and only to a lower extent result from the shift towards higher productivity activities. Trade is found to be an important positive determinant of intra-industry productivity growth in European countries. Exports and imports alike can be associated with efficiency gains within sectors, but intermediate goods exchange
Introduction
Productivity growth in the EU still remains a considerable concern, especially in the light of unrealised European ambitions, aiming at becoming "the most competitive and dynamic knowledge-based economy in the world" as expressed in the 'Lisbon Agenda', set in 2000 and not achieved so far. It was replaced by 'Europe2020' strategy of the EU to "become a smart, sustainable and inclusive economy" with high productivity being one of the targets (along with high employment and social cohesion). The truth is that the EU lags behind its historical reference point -the US, even though if we take into account Western European countries some productivity convergence took place till mid 1990s (especially in the years , but also afterwards when productivity growth in Europe was less rapid than before but still more dynamic than in the US). European slowdown after 1995 is believed to be caused mainly by less dynamic emergence of the knowledge economy in Europe than in the US (van Ark et al., 2008) . Consequently, in 2007 hourly labour productivity was higher by almost 18% in the US than in EU-15 countries (estimated data from Eurostat), and the gap increased by 8 p.p. since 1995.
The recent enlargements of the EU changed dramatically overall productivity levels of the union, mainly due to the accession of countries (New Member States -NMS) with considerably lower levels of labour productivity than EU-15. In 2004, the year of biggest enlargement ever when ten new countries joined the EU, labour productivity per hour worked (based on GDP, PPS, data from Eurostat) ranged from only 42% of EU-15 average in Estonia to 125% of EU-15 average in Belgium and 158% of EU-15 average in Luxembourg. In 2009 hourly labour productivity in NMS was at the level of 56% of EU-15 typical value, which compared to only 42% in 1997 indicates that some process of productivity convergence took place within the EU.
Several features may determine productivity growth patterns, starting from beta convergence type mechanism based on technology adoption, through endogenous forces based on innovation, R&D and human capital and, finally, finishing with trade-based productivity gains due to enhanced competition and learning effects. In the specific case of the EU, recent two decades have been characterised by major changes linked to the opening towards the countries of Central and Eastern Europe (CEECs), mainly through trade and political integration. Along with the integration process, the degree of trade openness of EU as a whole was rising -according to World Bank's WDI 1 in early 1990s EU's ratio of total trade to GDP was close to 55%, it started to increase systematically in mid 1990s when the Europe Agreements between EU-15 countries and CEECs were signed, finally reaching the level of 80% in 2008 (thus already after the two EU enlargements in 2004 and 2007) . 2 Also the nature of trade changed as a result of more intense outsourcing practises and fragmentation of production across Europe, mainly due to the considerable cost advantage of CEECs and falling trade costs as a result of integration process (Martin, 2006) .
Consequently, main aim of this research is to analyze empirically the role that trade
has played in promoting productivity growth in EU countries in the years of dynamically changing relations between 'old' EU members (EU-15 countries) and 'candidate', then 'new' members of the EU.
This study contributes to the existing literature on the effects of European integration of productivity growth in several manners. First of all, we consider a large sample of EU countries, both 'old' and 'new' Member States, within an homogeneous setting allowing us to analyse up-to-date trade -productivity growth nexus in the period of rapid East-West integration. Secondly, drawing on still not fully explored industry level database (EUKLEMS, latest release: November 2009), we consider not only overall productivity growth, but assess 1 World Development Indicators. 2 A drop in the EU's openness ratio to 70% was registered in 2009, due to the global crisis.
separately the importance of inter-and intra-industry developments concerning productivity upgrading and efficiency gains. Thirdly, the role of trade is analyzed through the way, which allows us to test the hypothesis suggesting that it is important for productivity growth with whom and what you trade. We distinguish not only between heterogeneous effects of exports and imports, but also take into account the typology of partner countries and traded goods. By doing so we can discriminate between various responses of industry level productivity to trade with EU-15 and with NMS, at the same time accounting for the differences in the productivity effects of intensified overall goods exchange and enhanced trade in intermediate goods (linked to outsourcing).
The rest of the paper is structured as follows: in Section 2, following the introduction, we present theoretical background and existing empirical evidence on the relationship between trade and productivity growth process, showing the need for deeper EU-focused analysis (presented in this paper). In Section 3, we describe our industry level data along with emerging descriptive evidence on productivity upgrading and trade patterns in the EU since mid 1990s. Overall labour productivity growth is broken down into contributions resulting from intra-industry efficiency gains rising productivity (dominating component), as well as inter-industry movements of resources (labour) in a form of shift effects (far less important).
In Section 4 we present the results of the empirical model assessing the link between intraindustry productivity growth and trade, together with the description of robustness checks and control estimations. Our findings confirm that in our sample of EU-25 countries major trade openness has indeed played a positive role in promoting labour productivity growth (especially in stimulating intra-industry positive productivity developments), but the strength of such an effect depends on partners' group and the typology of goods traded -trade with NMS and trade in intermediate goods are particularly strong determinants of intra-industry productivity growth.
Trade and productivity -theoretical and empirical background
Traditional theories of trade argued that it acts mainly through mechanism of specialization based on comparative advantage, arising either as a result of productivity differentials (Ricardo, 1817) or differences in endowments (Heckscher, 1919; Ohlin, 1933) existing across countries. These views, however, are not able to explain patterns of intraindustry trade or channels through which trade can stimulate productivity. So called 'new' trade theory (Krugman, 1980) or integrated models with horizontal product differentiation and increasing returns to scale (Helpman and Krugman, 1985) explain intra industry trade but still assume the existence of a 'representative firm', thus heterogeneous response of firms to major international competition through trade is not allowed.
In more recent contributions trade has been put forward as an important determinant of productivity growth because, apart from facilitating the transfer of knowledge and technology diffusion across countries (Eaton and Kortum, 1999 and 2001) , it stimulates firms to more competitive behaviour. In particular, more realistic heterogeneous firms models (influential contribution of Melitz 2003 , as well as Bernard et al., 2007 Melitz and Ottaviano, 2008 ) are able to explain quite precisely how trade affects productivity. These frameworks suggest that not only are exporting firms usually more productive than nonexporters functioning within the same industries (self-selection), but also that major exposure to trade (for example through trade liberalization) provokes reallocation of resources across firms in the same industry, at the same time raising industry productivity. Major mechanism that works here involves the expansion of high productivity firms at the expense of low productivity establishments that are forced to exit due to enhanced competition. Such a selection causes a rise in overall industry productivity. Moreover, recent model of Melitz and Ottaviano (2008) that links prices, productivity and mark-ups to the number of firms on the market suggests that trade (imports) has pro-competitive effect till the moment of firms' relocation, thus major import penetration raises average productivity mainly in the short run. Long run effects of trade on technology diffusion when firms are heterogeneous were studied by Baldwin and RobertNicoud (2008) or Unel (2010) : trade facilitates the technology diffusion and increases average productivity, even though such positive gains may not be enough to prevail over the costs and overall welfare effect can be ambiguous. It has also been shown that overall effect of trade liberalization on productivity growth depends on the magnitude of knowledge spillovers in R&D -found relatively weak in real world (Gustafsson and Segerstrom, 2010) .
Empirical evidence based on cross-country panel studies (due to our panel data approach we leave aside country specific studies) rather confirms that international trade exerts stimulating effect on growth and productivity. Many important contributions appeared already in the 1990s. Sachs and Warner (1995) Molnar et al., 2007) 9 . As far as additional control variables are concerned, R&D expenditure ratio (as a % of GDP) comes from Eurostat (European's statistical office) .
In order to calculate the relative importance of within-industry developments in total labour productivity growth we apply shift-share decomposition according to which total labour productivity growth is broken down into contributions resulting from intra-industry efficiency gains rising productivity, as well as inter-industry movements of resources (labour) in a form of so-called dynamic and static shift effects (Fagerberg, 2000, p. 401) : (2) 8 World Integrated Trade Solutions. 9 In the first step, on a basis of 5-digit trade statistics (SITC rev.3) we individuate goods that are classified as intermediates being subject to outsourcing practices (according to the list of goods in Molnar et al., 2007 p.69-70 ; Peneder, 2003 15 ) points rather to the conclusion that it is the within effect of productivity growth (intra industry effect -Prod_Intra) that tends to dominate over the contribution of inter-industry movements to productivity growth. There is no unambiguous tendency of labour reallocation to favour industries with high productivity 10 Dynamic shift effect, being an interaction term, is usually positive if fast growing sectors (in terms of productivity) increase their share in total employment while it is negative if industries with fastly growing productivity do not manage to maintain their shares in total employment. Of course, dynamic shift effect can also be positive if both changes (in productivity and in the employment share) are negative.
11 On the contrary, according to the Baumol's (1967) view structural change can have a negative impact on aggregate growth if employment shares shift away from progressive industries to those with lower pace of productivity growth.
12 Analysis based on a sample of 39 countries within the years [1973] [1974] [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] . 13 Comparative analysis of EU-15 versus the US .
14 Analysis based on a sample of four Asian countries, 1963 Asian countries, -1999 Analysis based on a sample of EU-15 countries (various years across the 1980s and 1990s), USA (1987 USA ( -1997 and Japan (1990 Japan ( -1999 .
performance. The importance of across-industries shifts in driving productivity growth is believed to be rather small. Moreover, our analysis aims at testing modern theories suggesting that trade can stimulate intra-industry productivity developments through enlarged competition. Consequently, we focus on intra-industry component of productivity growth (Prod_Intra) obtained as one of the components of productivity growth decomposition (2).
In Table 1 we show aggregate results of productivity growth decomposition in our country groups, along with the relative (as percentage of total productivity growth)
contribution of intra-industry productivity growth effect and shift effects.
[ Table 1 about here]
Taking into account the whole sample of countries (EU-25) between the years 1995-2007 value added per hour worked rose by almost 55% -such a rise was due to dominating intraindustry effect, while to much lower extent resulted from the increase in the share of higher productivity sectors in total employment (note positive, but low static shift effect -column C) while dynamic shift effect was negative (column D). Comparing the two groups of countries, on average NMS-10 registered major positive change in total productivity (rise by 84.6% between 1995 and 2007) than EU-15 countries (rise by 25%). In both groups of countries total productivity growth was driven by intra effect. It means that within the years 1995-2007 changes in value added per hour worked were due mainly to positive developments (rising productivity) within single sectors while shift effects played much less important role.
16
Moreover, negative dynamic shift effect indicates that reallocation of labour force towards sectors with lower relative growth of productivity contributed negatively to productivity growth record. Such a negative effect was stronger in EU-15 countries than in NMS-10.
16 Unfortunately, unavailability of industry level statistics concerning NMS prior to the year 1995 does not allow us to consider productivity developments linked to the structural change that took place in these countries immediately after the system transformation (1989/1990 ).
In Table 2 we present intra-industry productivity developments and shift effects along with overall productivity growth in separate countries from EU-25 group within the years 1995-2007 (with the exception of Portugal, Poland and Slovenia for which statistics are available up to the year 2006). The countries are ranked in ascending order within the two groups, according to overall productivity growth in the analysed period.
[ Table 2 Additionally we show annual evidence of productivity growth and its components in single EU countries (Table 3 ). On average in the analysed period hourly labour productivity rose by 1.9% per year in EU-15 economies (with intra-industry productivity growth equal to 2.03%) and by 5% in NMS-10 (with intra-industry productivity growth equal to 4.8%). Again, dynamic shift effect results to be negative in case of most countries, while static shift effect is negative or negligible.
[ Table 3 about here]
To sum up: it seems that apart from few specific exceptions productivity growth in EU countries after 1995 was driven by intra-industry developments. 17 In the following part of the paper we will examine the role of trade liberalization in such an aspect of productivity growth.
4 The role of trade in productivity growth and intra-industry productivity gains
Trade patterns concerning EU-25 countries (1995-2007)
Since mid-1990s Europe has experienced major changes in trade patterns, mainly due to the opening of EU-15 countries towards economies from Central and Eastern Europe that between the years 1995-2007 share of imports of EU-15 countries from NMS-10 (in total EU-15 imports) raised from 2.3% to 4.9% while the share of exports from EU-15 (in total EU-15 exports) to NMS-10 raised from 3.3 to 6%. At the same time, the ratio of exports from EU-15 to other EU-15 countries diminished from 64% to 53% of total exports, figures relating to intra EU-15's imports are very similar (all data from UNComtrade). Trade reorientation took place within Europe. Moreover, the degree of openness of European countries was changing. Figure 1 shows the evolution of trade openness in our sample of EU-25 countries (in order to capture more precisely the degree of trade penetration we calculated separately export and import shares with respect to reporter's value added, and not the general degree of total trade openness with respect to GDP). In general figures refer to EU-25 as reporters, while 17 Maudos et al. (2008) , using the data from earlier release of EUKLEMS and similar methodology, confront productivity changes in EU-15 and in the US in the years 1977-2004 and conclude that the divergence between EU-15 and US productivity levels since mid 1990s is due to the lower productivity growth within sectors (intraindustry effects) in EU-15 than in US. However, while ratios of exports destined to EU-15 (or imports coming from EU-15) to VA of reporting countries from EU-25 group were always above 20% and remained rather stable, penetration ratios referring to trade with NMS-10 were considerably lower (below 6% in 2007) but were constantly rising since 1995. It proves that the importance of countries that joined the EU in 2004 has been constantly improving in the European trade network.
As it can be seen in Figure 2, 
Econometric estimations of productivity-trade nexus
In order to analyse quantitatively the link between trade and intra-industry productivity growth revealed through shift-share analysis and being the main component of overall change in labour productivity obtained through the decomposition (2) TechDist reflects relative distance from the productivity frontier (potentially important from the point of view of beta convergence growth mechanism, suggesting that countries further away from the frontier may register higher pace of productivity growth). We assume that EU-15 countries represent higher level of technological advance thus TechDist is measured as relative productivity (in terms of VA per hour worked) with respect to EU-15 average, expressed in % so that EU-15=100%. Lower values of TechDist reflect major distance from European technological frontier (in the robustness checks section we will control for other measure of the frontier). At the same time this variable allows us to correct for cross-country heterogeneity concerning productivity levels. Additionally, in order to check if apart from transfer of technology from abroad, changes in domestic technology potential are important for productivity growth (Keller, 2000) , we include another control variable in the form of growth rate of R&D spending (in%).
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All the variables are expressed in % which allows us for a convenient interpretation of the estimated coefficients. In order to account for unobserved business cycle effects all estimations include a set of time dummies d T .
As for the estimation method, adopted formulation requires the use of panel data techniques. The use of standard techniques alternative to OLS (fixed effects or random effects) seems to be improper due to potential endogeneity problems: productivity may be affected by trade but also major trade openness can be a result of higher productivity and thus higher competitiveness at international markets. Consequently, we cannot treat variables linked to trade as strictly exogenous and in order to obtain consistent parameter estimates of [ Table 4 about here] 21 In the light of endogenous growth theory international technology spillovers promoting rapid productivity growth are likely to be more successful if so-called 'absorptive capacity' is strong. In this respect both domestic R&D (Cohen and Levinthal,1989) and human capital (Nelson and Phelps, 1966; Benhabib and Spiegel, 1994) should also be considered as factors influencing productivity developments. We have tried to include as control variables human capital measure -HC (tertiary enrolment ratio as % of population aged over 15, expressed in levels and as a growth rate of HC -none of the variables was significant (but other coefficients in the model remained stable). We have also included as control variable the level of RD (expressed as a share of R&D spending over GDP and as a number of researchers in R&D), again these variables were not significant but with no impact on other results. Only R&D growth resulted to be significant, thus we report it here (other results obtainable on request).
[ Table 5 about here] [ In all specifications, independently if we take into account export or imports of all goods or of intermediate goods only, the degree of trade penetration (openness) results to be positively and statistically significantly linked to intra-industry productivity growth in our sample of European countries. The coefficients associated with openness measures remain fairly stable no matter what other control variables are included. However, crucial findings concern the role of trade for productivity growth when we account for heterogeneity of trade partners and alternative typologies of trade flows.
Looking at the ratio of exports (all products) to VA - Table 4 -it turns out that albeit major overall export penetration ratios concerning all trade partners (exp_total_WLD/VA: columns 1-4) and partners from EU-25 or EU-15 (exp_total_EU25/VA: columns 5-8; exp_total_EU15/VA: columns 9-12) is a positive determinant of intra-industry productivity growth, the major stimulus is given through trade with New Member States (exp_total_NMS10/VA: columns 13-16). A rise in the ratio of exports to NMS-10 to VA of reporting country by 1p.p. can be associated with approximately 0.4 p.p. rise in intra-industry productivity growth rate (the effect is four to five times stronger than in case of alternative groups of partners). The impact of imports from NMS-10 (Table 5) is only slightly weaker but the same pattern is confirmed -major openness with respect to imports from NMS-10 is a stronger determinant of intra-industry productivity growth than if we consider penetration ratios of imports from EU-15, EU-25 or WLD. Of course, such pattern can reflect the fact that in the analysed period the relation of trade with NMS-10 to VA of European countries was generally much lower than in case of trade with EU-15, EU-25 or WLD (Figure 1 and Figure 2 ), thus rises in relatively low trade intensity with NMS-10 were stronger in terms of relative impact on productivity growth, but not necessarily in absolute terms.
Another important conclusion can be drawn when we focus on trade in intermediate goods. The results reported in Table 6 and Table 7 confirm stimulating effects of more intense trade in intermediates on intra-industry productivity gains and in general the effect is stronger than in case of exports/imports of all goods. However, again, especially the exchange of non final goods and components with New Member States exerts a positive effect on productivity growth in European countries. Moreover, such an impact is stronger than influence of trade of all goods on productivity growth: rise in the ratio of intermediate goods' exports to NMS-10 to VA of exporting country by 1p.p. can be associated with rates of intra-industry productivity growth higher by as much as 0.6-0.8 p.p. Similarly, a rise in the ratio of intermediate goods'
imports from NMS-10 to VA of importing country by 1p.p. can be associated with rates of intra-industry productivity growth higher by approximately 0.8-1 p.p. The relation of imports of intermediates to VA can be treated as a proxy of outsourcing intensity (Molnar et al., 2007) , thus we can see that outsourcing practises in enlarged Europe have considerable productivity effects and especially major exchange of intermediates with New Member States contributed significantly to productivity growth in EU-25.
As far as additional variables are concerned, the coefficient associated with the distance from the technological frontier (TechDistance) is in most cases negative (as expected), but it is not always significant. Technological backwardness is among robust (but small in terms of the magnitude of coefficients) determinants of productivity growth if we consider the role played by exports (of all goods and of intermediate goods), but not always in case of imports and not in case of exports to NMS-10. As far as R&D expenditure growth is concerned, it results to be a robust and positive factor in promoting intra-industry labour productivity growth (however, again, the impact is not very strong as the growth rate of R&D spending with respect to GDP higher by 1 p.p. can be associated with approximately 0.1 p.p. rise in the growth rate of intra-industry productivity).
Robustness checks
In order to check the robustness of our results, pointing towards general stimulating influence of trade on productivity growth, with stronger effect of trade with NMS-10 and major influence of intermediate goods' trade than of all goods trade, we performed a set of additional estimations. First of all, we used total productivity growth (and not its intraindustry component) as alternative dependent variable. The results remain stable and statistically significant -higher ratios of export or import to VA can be related to higher rates of productivity growth, but trade in intermediates and trade with NMS-10 countries exercise stronger effect on total productivity growth than flows of all goods and trade with other partner groups.
[ Tables A1-A4] Next, we checked the robustness of the results with respect to the estimation method. We adopted (as alternative to G2SLS) Baltagi's (1981) EC2SLS random-effects IV estimator which can be treated as a weighted average of the "within" and "between" estimators.
[Tables B1-B4 ] We also checked if the change in the measure o technological frontier is important for the obtained results -we used the measure based on the distance from relative productivity in the whole sample of countries (thus expressed as VA/hour worked with EU25 level being the benchmark, and not EU15 as before). Crucial results concerning trade effects of productivity remain stable.
[Tables C1-C4] Given many ways of measuring trade openness, we tried to substitute our measures with alternative ones, adopting to our case the ratio of imports relative to the sum of imports net of exports plus output used by Chen et al. (2009) where i denotes reporting country, T -time period, k is the partner country belonging to partners' group p={WLD, EU25, EU15, NMS10}. So measured degree of openness is smaller than the ratio of imports to value added, but the results of estimations remain very stable and estimated coefficients are comparable to those reported in the main text.
[ Table D1 ] to NMD-10, while the effect of imports from NMS-5 is a bit stronger than imports from NMS-10. [Table E1] 
Summary of the findings and conclusions
The aim of this paper was to assess empirically the link between productivity growth and trade patterns in the sample of 25 European Countries (EU-15 and ten economies that Recent theoretical contributions suggest that trade affects productivity mainly through stimulating behaviour on firms' performance due to mechanisms linked to stronger competition and self-selection, eventually rising productivity levels of separate industries.
Consequently, even though we estimate productivity-trade nexus at the level of countries, drawing on disaggregated industrial statistics we first isolate intra-industry component of productivity growth. Our analysis should be understood as complementary to traditional industry-level studies on the impact of trade on productivity. The results of shift-share decomposition of value added per hours worked growth confirm that in our broad sample of European countries intra-industry mechanisms were by far more important in provoking productivity gains than shifts of labour across industries.
In the next step we estimate econometrically, by means of instrumental variables method, the relationship between trade penetration ratios and intra-industry component of productivity growth. We account for heterogeneous effects of exports and imports, checking Moreover, trade integration with less developed countries (in our case NMS) seems to have had a particularly strong and positive effect on pace of productivity growth in reporting European countries: the effect is four to five times stronger than in case of alternative groups of partners. It is an important result, contrary to the common view that only trade with more advanced economies stimulates domestic productivity gains. Our results remain robust to changes in the estimation method, way of measuring openness, broader definition of the technological frontier or restricting NMS group to five CEECs only.
FIGURES Figure 1. Trade openness (penetration ratios), all goods, EU25, 1995-2007
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